Ion Exchange Membranes by Khan, Mohd. Iqbal
"? 
»-
4-. 
ION EXCHANGE MEMBRANES 
4^ 
SUMMARY 
THESIS SUBMITTED FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
IN 
CHEMISTRY 
.•-X# 
-r • > ' > <r^ 
BY 
MOHD. IQBAL KHAN 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH 
AUGUST. 1980 
f 
* 
,4lffm:sMf-' 
Js^L j^L S^L ^ ^ ^ J^L ^^L ^X^ 
Ttanspoirt pttieoaeofi ofumrrifiQ ecttfnm ^ete i^fiiiiiit 
atippoirtiid ond polyfttyr^ Mfw i»m&<S inorQonlo pffoelpiteto 
a®mtiiraii#s hava t»mn intf^atigotod by tokino ittto tfw 
ionic triin@{M»rt« RKUalyrafMi {i&tttmlsl^ ol@cts'ifi»l is»nd-> 
uetitfity^ iofiio diQi»ibtitiofi oquilit}vl% and spatial 
diotritaution of iona @f^  potantiai tJ thin tha e^ i^tifano* 
TNa uotlt {^ QOiribad In tlio thcisia ftas ti9efi 
divided into throo poffta. 
Patt I dool© idth tha ooriduotofic© rasc^wi^^^enta 
of pofchBJsnt ou^port©d cilvnt feirEtJcyonitfag faaf^ an«tt€i 
f)8fffOGyanid« arKf eebatt ftt&foeryanid® i^ <»£iff@fKi6 in 
dofitact uitfi diff@ir«nt conc0m ratlomi of Q mmlMir of 
9i»C^»el.yt«5«% fO« 1 % 20| S i j , ^ @fl€} SS (j^ 0«l^)« Tho 
mmmttmmia data t«mfii iMRiii tiaad to Gaim4.at9 fiivleue 
tNixiiodyfiittie patMwtSM l l l i t Cnotgy of aet^ll^liio C^ 
fffM MWioy of aetivatlofi <Af% aiici Cutteiiy iff aeti«»» 
tioii A s^ • ! « • iijr tho Ktplioation of «ti»oitittt i««i^lwi 
rato tlMMsty*/ Tho foaulto of tho ifiwootleaitlefio mm 
that tho »«»tMPaiio ooncMitaiiea oan im d«IOfMifiod at 
difftei!Oiit tao^tattitoa yith toaiKSfii^la mmmm^m ffm 
flHMsl^afiaa ato uoaicXy ctiofgod end ionio aiHMtiiui tatain 
( i t ) 
i^tmit hytS»«tloii 4ih»ll0 at Irnimt f»as%itti|^ utiiia iliffti» 
•iftQ thfouQli tli» mmlmmm fmvm^ m^^f^im A %^ vaiuttt 
8iiO©»&t ttiet trm peHiiil iflifnoiiillzslifiii of lofi takstt 
pl8i3s# Thd iwiotyility ef ion« yithin tiie mt&^amm %kvmm 
ho6 boon 0»C7ilscid to the inttttstit iai {iiifoi^iii% and 
the interactlort« nf ions uith the fiKcKJ eh3f^ gtttupe of 
the moDbrane alteleton* The Intorionlc diotonce ( or 
^xMp dist«nco) for tho eyetops w)^mt lrw©®ti©otlofi hove 
^ofi foumi to bo 1«S A^  yhidh i t conolaitoiit uith the 
oopirlcai valu^» fSfmmn ^ tferioiMi imffi(oti§otoiw« 
Port I I deole uith tho ohar0etoffltation ofid 
ovolu.-jtlon of offoetlv© fixad c*topg© ffenolty of poly* 
dtyrene hriQQ^ atoonDus ferrocyanidog stonnie ferrocyonidey 
end atonnic phoephato (aembtonon in caintact with votk>ue 
t i l olootrolyte© at diffoswnt oomjont^atiojie ffo» th© 
ra^atatone fx t^eotioJL moooiiireeients* Tho Te»eoil«l1oy»f ond 
Siowofgi «etho<ft the fsethodo deneiopod ^ Itotiotfilio oFid 
Co«iiOfliOfet a*^ ^ ^ <»06t teoootly ci^feii^ati oothed of 
ToooHo ot o)L« ifeMod oo tho prinolf»%«o of i»g«pi«oililo 
thomotiyfioR&oe uoso uti-iimd fQt: the cdtav^ o oonoity 
tho oolttee of offootiue fiiioi i^otno ^meltioe 
oimluoted tm& tho dtfferont oothoili noto olooot tho 
oano« Tho o i i f ^ dovietiofio hoe been oiraeuotod to tho 
M,ff9tmf^ pmmfiuf mkiptmi for tfm mmXm^iim^ Wmwimm 
timomtiml pt«dietiofie of thtt tcolmtalai «|.ia.*ii ttiMHif 
m tMili ^ tfmm of ta^iake at. ol^s tim»wf vmm tmmm 
mat ftilttt oatinfaistorilir '^ &^f sxpQtli^nisi s»sult8« ft 
fi^i ttmt^fQm§ iKiofi conolucled tfiai t{io taettiodo ^wtlc^w^ 
s^osfttly bmmd on thoseMSdsfnoeiioe of ire<itfOff»litlo pttmmmtim 
for thu ovaXuatiofi of offoetivo flxoiS i^at^o itoneity at* 
woitd for tho raoEJtirarwMiioctrQiyt© ©yttoa© umSor ifi«o8tl«» 
gotion and otNar BUCH syotoi^* 
Port III of the thasi® deoeritw© tm o«©lo«tlon 
of ooloctivity of ttto percliBoitt supporiod Inetigonic 
procipitdto as^breoos touarde oinplci jaotol ion© frcm 
biionlc potontiel afid olootrloal oondueitanco aeosurom^oto* 
Tho soloctivity sot|Uor«e9 of eom&rar»o© for catloms yorti 
&& foilouoi 
K^ > net* > U* 
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1^1 i%f^ MMiNMMl iMNI 19.9.—10 U 
'fitllSlpBl^ ptfNMMIiNi HWAH^fl'lli fltftfiNId Jii%tft9i|l it 
iBttp0]ri»ti{i@ cAffmmf^ oi«fs%t»lyl« « » i i ^ l « i » 
fmm iimmt ono o f ttm mm^ ettidlwil • l «e f iw^^^tegEl m4 
Mfml&tftHc fi^tmmfmno^ lim oalo oti5o«t.iii® o f t lw ftttitfy 
h^ie tjooo to wfictofstemi th& saachofiliip© o f t fonoport 
to fs'jt icii%« eM»l»t«ws ©^ c»fiy fl®®ii«KS ptc-pafly o r r»^o* 
po t t i oa* nttifiei&l mmiUm\fm& nmm ®l®@ **»ti i»®rt lat 
ondotT.tond l.t^ fiKifi^vteyr o"' cscrtpiaii ©®ll li}3!^ |^^ ofl©e i n 
I t l t t crM»tf!tty|> l l0#j@ii i©tfyt Pfiy»iol09yi P?»©s«€«8Ji<^ft 
^ tet t l r tQ {i3intsi ^fid eS@s h^:^m ^ iemn dlff»9^f«t# tli9s«ft @s« 
i w ^ r a t mmm o f oofl^mno f9«i«ef«li ul i leh H^io p o i e n l i o l t y 
ffi#i^Ofifirilno CRMWMiQtJiiieoo t o oodl idno ondl OiHnltt t t l i id i»» 
%& %fm &mftmi& p^m^titf m0 ptKreteai «itli mMm c»f oti 
i f OtVCii^ttfO inNlHKNNMMl IniMMMt tfMI 
1I3F lIMpPlflHHIillil w?|*||B ^mm%W^mmt 9g 
^ its Mints «iti «»^miiilwi iif %lm ^m m^mmf^ 
tevflsf In t i l t fliRi of 8wt<«^l.ttt ^ ioAlt «#^ i i » pm» 
if}tflM%o ttm if^mttmA ^ © i # ^ l sttunfisr® #i#.im%«i^«^ 
plipili^eiiw^Mil p(iir#^f»aimi Cli^M)# f«wi ttitft p@lr»l 
ttf' IMS C#l IMli 
^IP^flB •PP^*'™'^ " ^ ^ W TBIBWi"!^ 
WHI iHkMMMiiiHti utijKfe&iHl te I M l ttl.lllii!' tMtt liillMlilifiiirii m 
f l l i A iHHMMMi^ i l l j M ^ i i 'fiiiiiiit'tiiiiil i t# jiiiM'fiiiil'fiiiiPiali I n 
| i )* i t yit mm$mw»m mtttrnm &m mm^mmm i^i#i mm 
Ait jiM|||AtAiM|AiM|^ SMMidLlliii^ (itiMHIi^ 
^W*W W W P P W W ^ B B W ^ W W ^ ^ W W vRHHRMMtJ^WNP HPUP^PUffw wB(P*HHpt 
CSf|{Mt)t mutimm |Mifiiiii»i# »4ippiiff%it«l ln&f^wilii |if«iii«» 
ifHiHtiaiii^ »il«»f> iiiili<icft|| mm 9M»l^ flt}»f&dNM% mils 
n i l mf t^mm mt^wit^m mntwM luidle mw imm$,wa^%m 
ftmip# i#lttilfi t tn tiiiBilif^ fKiei iitti^ #y« i ^ a ^ l o of t»mtm. 
l^fi sxeti^^p^ftt «fii 9iifffiH«|t)@|y sil^t tm ^eSm tip ti«l«#0 
@laiMi mm^wmm mm mm^inie^mS i f • iM^tii itt i i i 
ftiHMi i n mmtOammUM Mk «M» 1101^ . M i l &BSt nMkmmtmitM %M MgHifctdLil 
6 
kiM uiMtt TWUBML WKttM ^MfttlMMI MtiiBSfcilMI i t i^i i l tW 
« iite»la<mji<it l.#@fJl»t mf l ^ l i Mitii l iKi i t p@i«it @f«M^ 
m^ pm^min Is oitppttaiNt %« »irlst t l i i ^ * in %t«« patmt 
Immki of thu i©©fl#tt "^^t^ typ« of INi ywiimf««il 
7 
It i9i^ ffc@iiK» &itm fmw Jkm wmiMMiQ* ot It l« •!%•» fiw% 
and If It %9 m 1 ^ mtmmm»9§ m&mw^ia$ In uNttlhst lio 
eitmi eif« finoci of ra»&ll« and i^ %«it!^ ; t i^ sitse ef^  thtti^ 
(ilaa@ifloatlim hm ttmim ptt^m^ t^ Cii^ <i»®% '.©iicfliloa 
am! Haito? i^}^ ?t«^0 mn^^m hmm^ k^mmt^ t^sittiei^ti 
mitmimtQ^ %m m iiaiM»ipiiim« In %fm §t&im tff tim mmsi^^m^ 
ami nm® avoided ^i^lleity nith ttit «i3«^i^itl«9 ifNi#i 
fOdylt i'nm tBitfmw wit^ie emalnNifiMt In tittle Im^ m&Sf 
oatmtiAB accuse or mmrian fmmUmmmm^ in tJilcii npme^» * 
ct ioraetuf i imt iof) e f iMiiliriniKs I n tmmm o f t i m l r 
If^nt l@ fyfKl@miilii l l|r l«apef t f^ f i W i tlM> mff ^ f l « i l * 
t l n n &f *'piBitRiNifio'*« i|iiiMitl%iii>liio •iMfiffiiitioii o f 
p e i a t t i M i i t f l tol l«if l i l ^ i « « « tm ^/mm-mA ^»»«ti^%l«Mi 
QI^ SMttPf II6^JM|)^SI[I SWltlM iMIillfilU l^y I s l i IMMMMMMI il^f 
UMlfl iPBfll lel IMlllMWife t t l i l i i l lMl f l Hr « I H i l i l l W i t tiMI 
fUl^Mf l l f l f l QCINRffJ l^lMft (iMF li||<SW f^eWI IWrtrt*^lill*H(l| fWtf 
iM>jMirttwi| G~ ! • i#ifImvit ttQMif^liio %s t 
8 
•yiMlNi i n I N i tiUHiitf MMKI I IO l^noinli H i t iMMniMi to a 
ittiMMiwtli^ HMtfiiitfiiiMift M M ! X MA tfili miliiiMi r i i i l t im i # 
iMiiisiIilii^altiy iiliNMUIlf iiiiiii|MMMiMiliiiliNi i^ Nttn tNt wiKfikfttup 
^ii«i«S9«iivtt|r i * « miMiifft of %ii» fstuvttt^ A e^ittytMi 
lis fmn minp •% mMi wlfeiMii^ iit iPMMt 
In tti0 »3ii «Kmiitfiiio for ©McTM^Io iicftuir Rxsliwsmlaw ©f«d loiwi 
of t^^H diicioitf^ tfmtQ i@ ovit^diK^ tii^^ &tfmt tmtwmitm 
tom^ oewon ttm swatirnii® liSmtslt^sj i t en tNo ©ttiat ©id®* 
'iiin©3 tho GapiriciS' which !tfitjff|@® f'.h© nol^im^los ftm^ ©fwt 
o!ci» of ?fto Riar^ ffiioe to tlM» ottwkf faeilHfsfoo difft«iien» 
ot-cli faommofiit In af»l»« ©f a© © focllitetQd (dllfftmiei^ 
faoilitatftil liiffusion lum iio diotlnetJi^t^ia fmm oleipla 
d£fft^lofi ny ilio kinotloo of l t« of^try ffoliif IIMI %O oomHifi* 
ttatSofi» tfio fluK tUfHii^ tm iMWilNNiiio liy oinplo itffiaRloii 
ill«NUHMNI l l n t O t l y Uiti l inOMOMI I n «Ofl(MMilt0ilOfl of subs tance , 
mflMMMEttpiAiiiinii f Hill Ift 1^ N9iftpi« '^Nl^  1MMMI wMi %ll§ 
ttMii* In m fiflptlMHP iwwwiooi In f%m$ • 
mll««S OfAllt«Ktll>ll» Mttimiill %ll» M»tl<^ 
iif|uiff«o niiotsy of atttiwptlon tn «»«•• Hit 
ffffwt^ ff ulMMi ft ttitf!•» I* immtm^i t*mm in l i t 
9 f fsi^iwvi t»@ii»|i«tt« 
m^t mm i s tinoufi of tti« wmft^m^imi t^f ««tiv« 
i» iti^il «•!!»« itfd«Ml m$.iM eM mimm&m^x^^^»m^ ^mw 
epMifBJieiHil in tm ti%mtmtum§ ineltidifi^ « yef4clr»^ mct^nl 
tMttl.«4i^ fiQiif(Mi 1 ^ mftummm to t^iiot iltoralbf^^ 
tm Midtlii^ft ( i iosfii^ iMut SoUiMNrtt C48>f OiitoOfi (41) 
•Mtf I^ Mll UMI ttiamliGlii' i* • BHHlitili t^ IKMI 
1, 
tifiti^tflililii mtymm Htm mmmi^M0m4 potiitliii In 1 ^ 
timm i» wontwMWf •vlditfwe ih«| m$» •itualioA i» not 
ttm^sf^lf fm% mimwm^* ^^^ tivmwlm^ em iNi item** 
lim |M»««9«» 4if tint wtmimm mml&mOMg m $mdm mpmUm 
l i l l i l l * GUMIili IliB ttBMMLifteiMii tlMi nt^ilHNMIi Ml • 
MHV i t e l CRIfl^titMlit to jpi«ftl«l» t«lliK|Nli% l l l^ l l f l t lw 
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nr fMil«ntt«t mmmw iMurtiiiwft Sf l n ^ mm i i l i i i i i 
««Mlwl «|l«II«& l « i i l « l I t ailfCMNS iSiNI t«l Iflit ltl#liNf 
«tel» ®n 1^1 !c^ tti«f ai® Iwsttd* I t I® In feet tm 
p@©ltl©f»» ' ^ ©i^tiof i » I l t o l v t© tolas llMi wi^m tl««t 
#fitt o f t ^ « # t f«i^«»m» &• t l ^ ^ t esi^  t i l * irth.^r tifo«©« 
%ht^ yii'iii %li9 
JLo 
t i i^ l i» 0fmm % ^Kmm» f cuitf 2 eon in i i iw»tflcd 
I n QimilMl ftiOllMMI f i f JMllllii ifiltl^Ul tTWiIWOllWIIICJIIt.lMl 1 I I I 
wim ^9mm^ gvotjp 1 i « ttoeitdd mmmv6im tm the a i t t iml 
o f <*iliti<»9f^iiitJ0tja tty®t@«9i#f ana ^totip S i^eord l r^ t o 
t t iat o f **e«M^imj6u^ sfetmFm ^^ l f ^& t ' <^^<^ <^^  Ij ifi i ip 
t mwmtn t l id eiMrtifiif^ doae not @3 e t y | # i r i a ld a Iifi@a» 
«©l®tlof«lt4fi lidtiittsfi thQ ftm ma ih» qmmful s^mmine^ 
p o t e n t l o l diffiit©fw@ai» Crily ^ t ©iifftut^otl's?' sciol l 
9W9^ I t f.fCMipi 2 1&» h«m@impf In f^ f lo f f t© ^foijp 1 If* 
t t ta t e HM^^t ©f iiite«iltt«itiot» ©im H® #f^«sto€# nit^tmm^ 
{ S l l fliK$» e Qnvi^aeilfift §i«tw@ f^i t««iup f Mid f « ft&» 
i% Tti&ti f pinlNMlflli n f KKIIIIIIMHI I N A IMMM 
•n fNMi l i ia l t mf HaMilwil tiNMiitt#fiMfti«»« tut 
iNf tiMilii I k 
'W™^HW Wi'HF^' •^^•^W W ^wi(fc • • J " w 
14 
tlMI %l«i«fitt» iNMMMf en tilt Sifttfittt tlMMIk m « «|titlll«A 
af«i pl^B»ii in t M f i f i ^ 'Qtmt^ yimimm tfmm #»iili«i@ tilth 
tfi$»0fy of elpmltilto ftt^etion totdo @to p a^ood lit ttw tfi^ 
omi 3f<l QfoufMi «i»ipootltfol|r* 
Tlio tlittOfi«iio of tti# f i fot §fmi|> @^W3 tlio o<iii@r¥id§ii 
etiiaflir ullti i>foee»©oa oactirpiiirj witliir» tm »^ i^ ?^ooa» 
foff ii««»i © pm^no tbo tiKiOFt'i© of ttwn ooeoftd mmm ne© 
pfOf^t oitoieo# 
T ^ mmt In^fft^nt tt)ooti«io of t^ oooomi %m^ 
mm ^oftoi mitfmw on i^Mi9l«4tioioo#fMWiiit ot oo tHo 
%^f»o#miiiee of itfovofoili^o pio«io#«o« fl«o 
tl 
10 Wl0t V 
MHiiOO OBOMMlOll OOfHlte^ O ill tflfUlfllt O 
WVOO^^wi^ ^PW m ^ V V V M W n O W W^IF"TMW VrOP wo* Wr*W IIii Mill'* w ^ l f ^B 
oyfHtMi ofMl oolkiniilirtrtiio iiiio m f HMMI 
i folni* •lovit&o mmmH iMitilif 
15 
if It mm "^tmwmf in %tm iil^« In tilil«lli %lit 
0m^9%fi0hln ^mmm mm totwn* Tuiii pmm^m^ QEUMI 
Tiltlf^ ttio 9mp0m^§ i® oftttfi net «» oidpila ae I t isio)^  
oiMfit ^ fftgnfeiio tfOatMtnl uotiid yt^tffv tho tmstiiiidpi 
©f tfwi ooiipciaiiiem of n^mwf «Jtff»iiw«li«l isyor ©f tfm 
^iffi«si«fi aon® Cl*^« tfK» cenipattstlim p^fltoo ©f a l l 
tui iy i0 tMtmlly t<m ii»D§tliy a ^mk or miort nultfi 
Isipo0oi^ 3»% tfia {|tta«itf)@fi!icidfv (^@ie tfi>i!ta@»it In fovm^ 
to raote »©uRption ctewt. Ihm i»mlltton of t te ©ysttsw** 
(1^} in ©dfitfTOt lo €|««iS«*ti®fncKtyf*^ «alc», aDo® net 
Ttwi 9®l ef «(i|yatioiiii of t^frai«iyfiar»i^ ©f ifipw#railil« 
Pf®«»i>s90 iiiief««il«ti^ a l l eeeyftlmi ^fttmmf* (mlm^tte 
#f «»ipile«| p»t«iittfklt • l w ^ t t « pCitdrtttalp t«npitiittif« 
ef d t^fflelnMl iNiiiiiit mf 
an/A iMMNfll flitO ttNl Wttf 01111 IMI iNSlillliyirfMHSl liitiWillF tiMI 
pwimt ^mm0m^ of tuo piefllmi und tiAttipiil wilfli tut 
• f «f««Nit9ii»io mmmf p90(itietlxi# mt ifiiloii 
In lMMittft« fltitll©'Bl#W% t 
« f ls»»iiiittlia» f^ foiM^o li» «pfill«3lil« t^Mm ^ 
iG 
ilNMl I A fittt ttBWiiStf in^  tii|fiiii^i|#iiBttiiiiififa f t wMt 
in fsMiffiliy9fMi# Ii»i9 tliat tim iil««ltiltnai » f Iti«i09i»llil» 
«|pcsia8i8« lt«i .^pii&ieatltofi to mm^w&m pwrnam^® l« a 
naf tj«^ d i^roI&pGtmtl of itio Iraoio thiwffsr Of t^ fMioiisf iW 
i^ieU fi@& ^smn &mm%ti^0^ lay Siaii@f^ @ii (4SLliotMii iM\^ 
tc@&iiNal&l^  Cit>t CapSofi CS I^f nmmm {W)f Spioiiot (Stf 
^ ) f i«»t0Ql Cii«4f ) t Pmmmmt m^. ntmm i^'^xS*) in m 
^imm lippliaft to dlff^joto«i ptoo^nisNi in if^ 3K^ i^ »n@« i^ 
eoiforaJL l7iwo0tl§@%Off@« %oIimt<i« uyrino m*& ^ mmm iW) 
pm^mik94 & ^otniSoii tilfiotio i^ psorieit to diffimioft 
Oflooooo utiicii olarifioo ouott ooto^ii^iod ooooi^o i^^ 
0IPdlV4iii iMfMM&Utt %0 O ffOOll OPPiOiMBll t o tllO ptOtllOBWI i l l 
llMII InbKMF Wr pMMiMMA»*tV'y wNWil^ iKtoJMMiiOCIsl l^ jfOtOIMI OOB 
O m W p M V W'WIHIIO M M M n m n V i ^ w S O I O i w * w n wVmW*1^lm HWpPiOV w F 
ooiioSlMii^^r^ii ««i«tot t'tio «M«lfiQ fOfooo of • oooionlto* 
%IHMI| poiiifnii IH* |)ttowUM^Oi» I»O»M09 oirii SlmlfOV Cowl tiowo 
«dl'01O0 mmm mmmm%*mm Or OOMQnPOOO ^IFOnopOW UvKmw 
ooOiO oooiiiiiioiioi^ *^0|f owyioy oiOHt«o9 is^iiioifiioo 
i7 
of ^t f i»ea piMi0t»atli!»{i i n t^gfie o f « Mue^t n f i ip9fitft« 
r@t3 cet^iant@t fotfetw 0|i#ei@l oacN^ a apt eefiipliiafod 
l©C0ntlfg ttcm omt Tlifi^ CiS) m^»® applied tim ttm&vf e f 
at»oltj|<t fi^ftcstioii »0t9® to di f f t j^ lon p«««^©«a0 thf^yfsli 
MlnfQt t t^i iS nan&tiwi® (aiJ») tm6 hot*© rMtrlimd wariew 
timi!*^ N0df«ii3(silfS «|ii«fitltii»5 Him ffe@ ^mif^y o f aetlv.-tion 
ctfitrislpy of «Heti»8tlof% mtd ©i^iopy tsf sust ivof loo «ite« 
Thoo© tr«»0clyfiaiailc p®f«»©t#i« hQ^m Hmm utiliwa^ to 
p5?©!*ict trm oaet*oM®oa o<" inn tecnupcs-t. tfuswyo t^ Itwlrvr 
/ippltcet ion of (3lQc^r«<^t«wlr^i?y te H s^ fsio '^tceji® 
pfi«3m^ Mi5T% cMSSOor'lf¥3 to li«e& (7)1 in piartinant st f*>pa4'? 
i» tfi« «i!tN9fiatieai »9d«||iiQ ii^timt Hy mnpawi^m^. B^S 
^• i t t td i^alnal impetliiKiiiiit T ^ %Mt^ lnnsiS Ift ttitt 
WKfMitliwiiilta if»tif lQ€^toii &f me^iM In iiitfwi o f ttis f»o].9» 
mi ld t il»t«i«t|tiaiiiii i 0 f tHoofoticel $i@fiMMi%#f» lijr el«o» 
ttotho^y l^intlenjlf op i lea l f ontf tmt§ ^wmm ftimmmimmm^ 
f«i i i«p t«ei^i$y»0 »%e* ff<m tt i i i i»t i i f i l afitf « t t to# »tet9 
la-
PMiifano 03 a ll«iei«t eyotosi t@ i ^ l o l i i i a ^ o f n»%iii>ttt 
Tti0 «9l,i it l»« t© a pi?o*j|cm im ©cilofw® Is offmn 
l>i»ftiMinl »SmQirtff»%io-« e w DC^^H one! #ete rlspon-'y ovoflnfi l© 
afo l^ &m»5s®d m% %tm pte^ltm i n c iyw i lon cms a pos«l5ili9 
t l n i l mftmw wtNSii «ieiit an t t i iM i» t i | ^ f } r fifitin th&t the 
ilMMMlfNtiNi MtptiifiiittMMi ! • lifMi(Nii|<mi^ pml %liii% fwi hendt 
me^f « i*««i( f ^ i » Qiwiwi mm fH f t i i e t m i i i y t i e e l yo«fe« An 
MiiilMNMi I I I ftM(Mf«4NiQII ttMl IMlMNNRNHNffiMlll $4Mil #Nli l l i |NI 
ORtd ltfMMI»A%fy|| lA llttllSti %iMlwt IMMftWiy Cr VWPMMUHI 9W9t 
19 
I n t i i i « tiMMiio • i iKt i iHi n f %t^«ip«>i>i pseps f t im o f 
polyi t tyf^ i io l»£»ii^ i»fid pavi^i^Qfil suppoftad i n a t t e i i l ^ 
@hoieQ of tfm mfntmm ar« Closed on th9 flfidifii» of 
bcm^® i i t ^ @^trif3 iit j«Hi«l mm^mm and I N ^ t N i 
ooap«3«it» tamm^tofum mi^in 9mm e f lt«B t:}ffo^t%i^:» «»f 
^o3l0§leal © t i t s * t l w fIwffifto'. u f T»oip«ill that t t ie 
© l o e t f o l y i l e t?c«»pert r>f©e^0«® in i i t c»w^ mu%4 tm 
Wid tt»st ?l»j?w»t-4!»liiiid« fte»yl@ ffep sii®«?ti©al potent i o l 
Ml t i l tfm Bt%^lM» « f i i io 0ifi»^ toet^w^ioul pfli»p««i£«fi t>f 
wWf BMlSWIIVNiiKi flMi IHIHNMiiV SI6f<lVill nMI|| ^fWiVBIUIli|| MMMi 
<::*u 
#ii|y iNi fiUfvltitRilloil 9f ftxttd oh#ff»|| imi «!«» a|MMilfi« 
pilyaof nffifHets if <ii»^ iiiil»t# this i» «» laiMiftixiil 
i^mllfi#<itliNi {If ilia «|i)iGi<9w font m »$smtf m lont 
©OMmfitlug on only e f^ peii«il® »©fie«f«lw^ the l^iloiii* 
ioQ isriic pf&&3&@«^  III t ^ giiK$^ eriM iryistmmt '^ P(»i?0&o» 
i»ility pimmmm^i CD ift@@£iri!fio p6l(»ir)t-i^ ( i t ) ©itio» 
t r i e e i liomliiet ivity^ ( i l i ) Sonie t t ^ fw^f i ^fli^^ , 
iM imnim M»%wUm^imm t^iiiitieiat («) «pcttl«ii 
i^s%tNtlnitli»i #f Itm and tim mkm^it^ «ilttilfi the 
%ll« f U l l M l l ^ TIMI ^MMliil feMI 
C1> 
21 
tlw «te%e h&m ^amm %mv^ %m (mlmtlekm wmimm ttmwm^tf*' 
ps^olpltofto nonaenmiii in cent act ^.'Itti tastoiii ftl 
sri«^iKJlyt» at- dlff*o?iint ainfGo?*is'otio«i© ami wn^t 
iimthnsfial cBDiidlt ton fmt Urn mt^uaiiis^ ^f tl}« ItoswNi* 
^[Tfiiiilc^ly mtfmsilim fi»m4 m®9^ (Semilty of tm 
mmiS^fmmm<$ tfio sK9»^ «iifMi |iot«ftil«l 4^0 h&mt HIIKS i^ atn 
l»^iitftii@ yiottt HQWIMI Oft turn %hmmiB^mm%m ef 
C») 
THIS poitlim ^MMIII %Bim UMI ttiNa^tiis^i^ii of 
• 9 
9»l«Btitflt|r o f {MttelwiHil. ^i{^»ri«ii imwj^f^ ptmsA$i%t^ 
t t ^ iMid #l.^ti*io@l. m^i^^m^mmm mmmwmmmikii m%m 
23 
«MMMII«MlHII«MIMM|N«^^ 
It Kt iiili«Mi% III *tlms^m0mml^^if In 9Smlm/S^ m& 
ni^i«iMi*t IT* tm0mm^^B «^)t ^ i ^ ^tiiti 
ClMRlitfyii P* ^ % CfiTtt}* 
:^4 
% il#% iiilJU Omm^ S|»«« 3|Mi* ig(1l?)ft 2Qm^ 
sii^i^ ttm&wm^Smitm ^II«M Jl l i lt 1^*^^ 
d» ClfliiliftiiiaJU CiiMi^ M» i P ( l i l t }# 
if# ^ lb m i l r« ^ siAHiili iiMi 1^ si^«% 
(., r-
t1< 
tt# 
SS^# 
3 
3» 
% 4I|MM|| MHi tit i9la% 3« ffiMliitiiii io i t t Jl § 
f i t iffvtla 
26 
W^ II* ^* atieii <»tci &« C« f oti»% #ii@l,« €r^tt«0 J^ 
3t* '1* P» i i ^ /.fUtl* C^ «Wl«f J I P 2 ^ 1^ (1072)t j | ^ 
Sb Citsi^ 
i« i i Pmm WiiU <NMi^  t« i * c»«i»A«}t Jb' 
J^* W(» tlnpil •wl 3* r<i SlMNhiS# WNttv# Stiibim HKt-i^ i 
J t Cftsft) #4% iMei» irat* 
fC 
STt f « t«ei«a& ClliiiMtft* rmm^ l^^e* m^^f ( f f S i ) t * 
n i^hf f% f 1 ^ t i t 
®f ins CttUf i196Q) ftORd* Pi^ HiSt i«i i Yoflitt 
t , Q 
0f %9^mm3k mn^mMm^i^ Wham tf^ fl«i3ttlll«% wm fmM^ 
j2i »»f cms)* 
S2» % KatflNolsliy and P« p* C i i r t a ^ n Nor^equi l lbr ium 
1 ^ * K|, $« Sp|«||&tt|^ "'Suit * l8l#t Ptttift®@tttl»#t i>il<8)Ff 
191ff Ct^0>f fmtmm ^&md^ t^Ni«f j|St Il^'^)» 
i 8« 1^« P« ^«git4»fif M« t i i f i r^ f and ll« f i f f! le&% 
i i 0 e« % iStiifiwp and % Piiictna% 3« fHin* %m% % 
M .A » f £ A « 1 "^  C 
•r^ «»W«>*-WSift«r>*«»««"!#*'«»*M»*Wl»-'^ 
Ciiffp»<il«««iiltQ^ f4»i«itioii@tiii% ioitle f l u t and oanHveiio 
potoniii^o* Tim mmUtmm eamiyctane^ hoe lidan fmm^ tn 
i^pmvAmi^ ofi tti« i f i i r imie pti^p^ ftl«e ms^ m tlie H*9A 
t;t»t oiKta?f)al. s^lytlnim* ttm iipoelfi« oiiii^ iol@nQ@ of t ^ 
niwjtiffiiifiQ oan ^ dpneiifeit at i t^ly pswi$iet»^ fwm tti® Pticod 
8tio?f)0 ihiioi^ of f«ci^l l (1)« Til© i i i i l t l«§ fteffse s»or 
sipoeific crjockjctane® ®f iho mmi ligwitili @fHi in diliit® 
fjanesfitratlQyi i l i i t t &m 'h® othar in fiif^ ©ofi^ fif pstiof? 
ritii^ ttmm ^m^ lamm f&im^ t« 'm mlxa^m^ t@ tito fl»t»ij 
«imteo iiMS tim a»%iillt|r of iofis* At iMify I M nMturrtil 
iMMf ^ M A S T ^MI WiVtfMil «0lllfcllNI# tlHI •lM^lfl@ m 
IVJttiHi MM tiiMMIiJllJbMi' 1# %fetfl liiniifi|i(iifll lil4ll llBlili#ffiW in 
•iiiMiiit fliiniiilliiMkliii iMi tMNm eemiiltxMl In OMMI 
i M H UP mm «Mi OMMltiitt C M )« ^ ^ «NMII^ in 
o l 
IsB) fw ttf Hio iMMi endnv tai tfttfl mtMioinntd &fi ttMMiNiiflii 
In Qt^ ili ii{Mis§ ens nwaetif®© th© ttioowt lc©l TJOofetnuHco 
^w unit @f#ia «• 
W i i i l | ^ i r | flit mutsmm m^ I f» X f||f| fbt ofilefi«i« 
mm limmt 0%mmekm9 «f ^ s iNn i^»oiio 
W^mm\/ 4 
iwltii INMS MMMI fiiiltaliMNl IM* ffondMNiii aini l«ifiiliKilMilii Cf#)« 
•memti^Xf l^itiat^it and Ta»iiHi ( I t ) hes^ i«ildg« 
sotpd ^ « |»t fbr t t^ 8i«ipl6ii»t fmam mf tuo ynltfeloni 
m i liiNii^ yaniMiift of" 
i m i l r pflMii|lillli,UU CI < 9 l t i l « l M I milVI^Al? 
JMHI BftiMIIEkii ittiiitMifc km. * flMMll iMMMteilfl t i l U M I 
OiMft MMl ift l i ftvt ( to } tittiMi ttlMP tfite%«i t lw l t i f « l i t i 
« f iaanlM i^iw tftftmneft tmclttt stiNKSy •%«%• emiilltlftrwi* 
YlAii end Tiflo ( t 1 ) i^ 4»itt «{sp&i«tf ttw tf«!Ki«r 0^ «!iseiy|(? 
mf mim^lm tdli@« nmf mWmm tmi wmwiimm thmwim ^^ 
IN|MKIlHNiid ttHii MMI IWUllMiiKl IWil(ll!'lllli>lll«VNiiA|^ ^ MllSff^i9i#l 
wlf49k T B W # VPflM w w ^^ipi^lW^Wfcf 
6^i 
9t •»« as C f M %l «iW ^immtl^m^ t ^ mm$imkmmm 
') r; < ) 
l^ful^i) mm aoirt^ii i n tUst i l i f i i l y« l# t i i f i i t l i ^ %i» tiMi 
mwrn tfiwn nutpimdsif i n tfiiei enlyl^ifiiift mf §#01 fl dtl in^tt 
aoiwttarie %mm lnt«ite^afioo<J l^tt®?- #FKf tc^pt f l i t tawth®!* 
f ! l t i t * thm mis^im&!tfm^ tinm G^a i i i i ^ i @ove mwBfim^ %»ttlt 
St iMMi iNif i «iit i f ^ • e l v i i i l a t iilft« l ^ i« umi 9«^lail 
iMifNiioiiii tuft iHiJlf MI4UU1 •# Hi nSvitigpi^NiitifESii. i i l t l • f ' 
Hw ^ppi ttwuii JMi f f t i i H # TMt fMt f «iAi» mm f i t t t 
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te SB ^e ( |4^l } mm timm in Tifti«i 1*1 m %n m«l 
9m%Mm mm i^ham iti fit« f#1 C% li rniA «>• 
Til® »M!itmKi »»fi{li^ aiiQi9 immmm eHmmt Ilneistly 
t^ih tfm n^imm tuot i»f tl«9 f»iiOi^tatii»fi of tlm t^hln^ 
ttio ftan of 1011 D^ «j«t«t Qffo ^ntftilf l6f@»ti 
In mam ipM titiiitui* «f Hit mmUmmm em ^mmmmm 
fHfflMit ifwtt«».> •iiMill«iiiiiiiili% MMl i i lil#iinr 
38 
%mimm wm,mM §r mmmmL mmmfi^WL imm) mm$9 itivet 
rcii@GYi»iii% mmmim mnmsim mrmmm mm£mnmmm im 
ftmnnmmmm 
<IW»IW<WIWWWMIwWlWWI«Wall^^ Iliilliil M i iM i i i t i l iU i iiiiniiini-|i|i Iiiillliiilliiiiwiinwiiiiliri ii 
few**** a.t 
©•ffliifer* tyms%&^ o#im«i«f^  n^mmi0^ 
f#c Q^mi^ Q^wmtf® Q^ cmnsf^  Qmf^i^ 
mFt n^mmtf^ o^iwiif® Umim^tf^ n^mm^ 
mFt o^Q^iiT'* Q«f««i«r* o^ttxicf^ o«0©iitcr^  
a^c o#« i^iitf** ©•mifif® n^^m%tf^ ti^imntf^ 
a^e o^ oemcT^  3«t?^fcf^ Otisiwfe^ o^itmcf^ 
rei^ ocYAfiiat ncRifitm: nm mi m mrn'^m wm^mnm mm t^m 
mmmmmmmmimimmm»>'mmm\mm«m i»iiii»wiii««ii>Mi»w»«»M«>iiw<iii»iiiiiiiiiiiijiiiiiMiii i>iii«ni>iiMiwii«ii'iwiniii»iiiiitii» iiiiiiijiiiii.ii»wii«i«iiiiiiiiiiiiiiiiiiii>iiiiiiiiiiiiniiiii..niiiii<iin 
WWaWIWIIiMlwlll i lWlWIWWMMM^^ lliiiwr«ii»ii»«lWiWMMWI>iilli>iil»iiiMai|Willlw>il»i^^ 
B^mKW^ fhia^i^ B^mtrnt^ ^sfttttf^ 
f#e Od^toifif^ ii»ffiiwr* odisiiiiif^ iMMinffif^ 
IB^C % i i t e ^ O v f l l l ^ iMWteflf* Qjm^f^ 
mf*n Q^m^^ %fiiiiif* ibQiiifr* t^ainif® 
a#e iit^ii^«r^ i»f8iiftf* ^ f a t ^ s»imiftf® 
aafts OtocMit^ c^Hiiif® a»i i»f i^ o«i^i«r^ 
39 
««iemf^ ftiMM Qf vmmm, mmAm^ms, tptm) mmi% eosAtt 
mmmmmim mnmrng f^m im, m Qtmmm mmLmnmmm urn 
Hiiiiwinw 
Omt ti0u% I l #y0 | d4i#0O1 
we^c 
o.?^«icr^ 
a 
0«11lt1tf^ 
o^oimtf® 
imiwiiiiiiiiiiinin 
iliftwifeiiiiii I I I I J IM 
(jBC'iiijeii ffiioe'. 8f fi^ r.MA«c ©j'utjctn^ce i^ itrjc) ncxss 'j itt..! 
MMMK 
CBNRW|nf||0i;iClft 
ti#iH Q^QOf 9«fHIQ1 
4MHIMMIMI 
« i ^ i i ^ %li*«f* ^im^if^ 9tiii«i!f^ 
9^mmf^ M M i f * iMi4iiiif® 9»f»^f«r^ 
^ff | | |WWIPIW^iW^ ^IPBp'iP'PWWFw^'i^ Wwjj^^iPHPIP^^liP %iFij(^%WiWW W ' I * 
9k09mi^ mmf^ n^mmf^ ii«8iiifr® 
%ffiiii^ t ^w i f ' %iiiiir^ i^ imiiif^  
<«IMM IVMMIM 
fmmnmwm 
6QflQ||il^ |NI(tJto9t 
TiiMOiHuttiiii 
W w««l S«CKif il#9§f 
fll(% 
f # C 
jm**c 
t i ^ c 
3^C 
Q^otmif^ 
M 4 i i i f i r ' 
Q ^ O ^ I C T ' 
o»iM>titr^ 
0#Qili<9*^ 
o«09*iir^ 
»«<miiif® 
c3,i t»ifr^ 
Q»13iittf^ 
§ « f ^ f d ^ 
9«iaiild*^ 
©•tlmlcT® 
0»l«lllf<f® 
a^c^l iT® 
0«£Ji l l1^ 
0.a»is*® 
9»0fll1g*® 
0»f3@itfg*® 
Q«IH«1ff® 
d^imticf® 
Cli»»tellf^ 
©•OSKIOT^ 
f l«iSnir® 
OtOfMltf® 
MKMMMtWIIMIHMM 
:*^TA 
l i tMMllMMHMMIIINI^^ 
%f QdBV 0«m$l»t 
%iiMi^ %aMi^ %mm€^ ^m^m^ 
% M i f * i g M M ^ %^toir^ iMIMir^ 
<MM#^ itiWili^ M I M f ^ ll,89ifIf^ 
8iifMi*^ HjHiiiir^ i ^ M s ^ 8«^itfr^ 
§^mm/^ w^m/^ $0m%if^ n i^tmcr^  
AilHMMI^^ AttMkiHI^^ ttaJHhiiwPM ftA^SMHif''^  
^^^PWB^^^PP^W^^ ^W^IPfliir^^^W^P^^ ^^^I^^^W^^^P^P wff^ lP* w ^j j^^* W N^F 
MMMM MMMIMMIMIIIIII^ 
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TiMM l i t 
mmmm tm rmmnmmm 
TSiliiiii'MtiJJil 
«W^ 0*31 il#airl tlnOCMIt 
WPt 0«39 0«{ll» IS»0@ 0*04 
<«MWIIIWWIii«t«W»»lw«w<lii«»«W«i»iirliiiiiii^ ill r> mm ni'miimiiii 11(11 ii« iMiMmWun i» 
mmmmmmmmmmmmmimmmmmmfmmimmmmmmmimmimmmmmmmmimm^ 
l#IS 
tHI^ 
WT5 
IHAE 
9im 
%»l 
9«SI 
Mi 
Q H B S 
' i f i i 
d«f8 
0*13 
Q*f4 
Oiffil^  
IM^I 
4||@t 
»«MIM«aMWIMM«MHMM<MMiaMI^^ 
42 
mmkf mwmmmwi. wmmmi mn am m mfftmm mmi^ 
tnmnm mm f&m.nmmi^ti 
mmmmmmmmmmmmmmmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^ 
fCHii|IM|i;fii|MMI 
mmmmmmmmilMmmmmmmmmimmmmmmmmmmnmimimm'iimimmmm m HTM mmmmtMmmmmmf^mmmimmmMimmmmmmmmmiimmmm 
i»i;rii» tfttucs uf nmmm% mmua^^mg immn) mmm niim% 
mmmptmtm mfimhm nm mci^ m mtmmm mfMxmmfwm 
tm nmmmmm 
fifti %smmt^ i^t^mf^ % a a i ^ iMHini^ 
S8^ %miW^ i i« f9w^ o«iMif^ n^asm^ 
wfk n^mmt^ t i fWfff* iMMiiti^ n^^mi^ 
wFt Ui^mM^ c b f f i ^ M t i ^ f * iM«tomf* 
» l ^ Oi^ MHHNf* Oi^iiWr* I^MMMT^ Q^SfrnW^ 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmtmmmmmmmmmmm^ 
i^mtmm nmM% or mmmtm mmwtmoL {mm») mtm» mummsMt 
1#C Q«<31|»|lf^  0,tMftl1«f^ OttHUfOT® Q^OInlff® 
f # c §»02«fcf^ o»imif<f® o#«J2iif^ 0»0fKiQr^ 
^ € ci«^Miitr^ n%mm€^ cisO^fcr^ Q»w«i i^ 
trf*C 0»D««fCr^ O^KHtief^ 8»l^1Cf^ C?.02Ji1<f® 
WP^ O^ SKJxm*^  f^ftUfST* 0»0^1lf^ O^S^IQT^ 
: # C 0»!mi icr^ 0»14llf«f^ 9«mi»f0*® t3»05it1ff^ 
4BIWWIII>ill |MI|l»III I I IMIMiilWiM»lil»il»l|l l»»lMil«lii l<l»«>i»'«»<l»iWPI»IMIMIIIlulll l i»ll ' l^ 
eiSi^»:D «m.u£s ur r^ciififtx i^t^icTftiici: imum) /.c^ o^ m C»3«,T 
PWtl 0»$ tM»f ©•001 0.^ 91 
illiiiliiMiiiitiiwiwiiwwMii^^ 
f P i i i t t i i^r ' Hdinit^f* n^ i^ f^ Oi 
| # l «tffi*Kr^ MiKflT* IM^itflf® Htlliiitlf® 
i#% otiMRir^  o#f»H«f* %m^^ ^ymmt^ 
t#% %fiMf^ o^^ wmr* n^mmf^ n^^mf^ 
wft iBi0m^ «i#i»rt(f* Q»ftiiKf® 
i # l -IWWli^^ St^WKf* »»f^tellf* %1«i^<f* 
«|MMINHIMMi 
4 
eimnmwm mm imnnmuwi 
mmmimmmmmmmmmmmmmmiimmmmmtmmmii^mmmtmmmmmmimmimi mmimmmmmmmmmimmmmmmiimmm«im mmt •••nw.nir iin-rrmt-
taPc 
3 0 ^ 
dot U 
o«ts 
0 * ^ 
0*114 
Cl«04 
0*07 
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Fig.1.2: Plots of log A vs 1/T X 10^ for various 1:1, 2:1 and 3:1 electro-
lytes at 0-01 M concentration across (A) Silver ferrocyanide, (B) 
Manganese ferrocyanide and (C) Cobalt ferrocyanide nnennbranes, 
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Fig.1-3: Plots of conductance (A) x 10"^  agoinst square root of concentration 
for KCl at different tennperature across (A) Silver ferrocyanide> (B) 
Manganese ferrocyanide and (C) Cobalt ferrocyanide mennbranes-
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Fig.2-1: Plots of membrane potential Em(mv) against log{Ci*C2)/2 
using 1:1 Electrolytes across (A) Stannous ferrocyanide> (B) 
Stannic ferrocyanide and (C) Stannic phosphate membranes. 
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